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feeing well acquainted with the fpecific difference of 
each plant, before it ripens its feed, it is not a little 
difficult to diftinguifh them one from the other. 
This fpecific difference will be beft furnifhed by the 
leaves. Thus in the henbane, the leaves of the white 
are placed upon long footftalks ; thofe of the black 
have none, but the lower extremity of the. leaf fur- 
rounds the ftalk- 



XXIX. The beft Proportions f or Steam-Engine 
Cylinders, of a given Content \ confiderd i 
by Francis Blake, Efq\ F. R. &. 

Read May 23 Y CI HE fire-engine, or (to term it more 
175X0 1 properly), the fteam-engine, for 
draining of mines, is a mafter-piece of machinery, a 
very capital contrivance in the works of art, and me- 
riting our attention for further improvements. This 
is univerfally allowed j as well upon account of the 
theory it is founded on, as its ufefulnefs in practice. 
And is it arriv'd then at the laft degree of perfeftion, 
that we appear at a ftand? I think not. The pro- 
digious veflel of water to be kept always boiling, 
when only an inconfiderable part of it is employ'd in 
the work, favours too little of the frugality of nature, 
which we ought ever to imitate.. But waving that 
now, what L would inquire into here, and endea- 
vour to regulate, is, the cylinder's proportion of the 
altitude and bafe ; which hath not r as I know ef 5 
been hitherto noticed, 
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It is evident, in the 'firft place, from a fundament 
tal law of mechanics, that, the content of the cylin- 
der remaining the fame, the quantity of water dis- 
charged at each lift will in all cafes be eqqal, by only 
changing the diftance of the center of the pifton from, 
the fulcrum of the balance. You will agree like- 
wife (for I jfuppofe the principles and working -part 
to want no defcription) that the excefs of the pillar 
of atmofphere above that of the water is a weight on 
the pifton, driving it to a depth of five feet, or there- 
about, by the prefent conftruition, withitfhe cavity 
of the cylinder; acceleratedly till friftion and an im- 
pediment from the fteam, which remains in the cy- 
linder even after the jet d'eau, and is increafed in 
elasticity, whilftits bounds are diminifh'd, fhall equal 
the accelerative force ; and that then again the pifton 
is retarded the reft of the way. It may be convenient 
to remark too, that if the rarefaftion be fo complete, 
that the defcent would be greater than the conftruc- 
tion admits of, the retardation is augmented by a 
brachium of the balance prefling upon fprings. But 
to fay nothing of fridion here, we can, notwith- 
standing this diminution of force by the remainder 
of fteam within the cavity of the cylinder demon- 
itrate the ratio of the velocities^ and the times of 
defcent of the piftons, in cylinders of unequal alti- 
tudes, to be exa&ly the fame, as if the refiftunce 
was nothing! whence We fhall without difficulty ar- 
rive at fome conclufion in this matter. 

MNh the working-part of a fteam-engine cylin- 
der, of the ufual height, equal in diameter to a 
fhorter one mn- 9 and the rarefaftion in both of 
them being fuppofed the fame, A$~aq y R^=rq y 

and 
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and AR=*ar y may reprefent the excefs of the atrno- 
fphere's weight above the pillar of water, the refift- 
ance to the pifto&s from the remainder of fleam , and 
the efFedive force, refpedtively, e.g. at the beginning 
©f the defeent. Take, then, every- where ak\AK:v 
an: AN, and at all fimilar portions the refiftance 
be of mn and force kc on its pifton will equal the 
refiftance BC of MN and force KC on its pifton * 
and by what Sir Ifaac Newton has demonftrated 
{Book i. P rop. 39 .) of the defeent of bodies, we have 
VakTr : V^KCR: : celerity in k ; celerity in K> But 
thefe are$s being evidently as the correfponding pa- 
rallelograms kq and K^ and they again as their 
heights, the celerities generated are in the fiibdupli- 
cate ratio of ak zAK y as tho' the refiftance had been, 
nothing $ and by an obvious enough reafoning front 
the faid propofition, the times alfo appear to be in 
the above-mention'd ratio;, which ratio is not any 
way varied, tho' the refiftance prevails from the ia- 
terfe&ing points Q+ 

Now, to apply what has been faid to the bufinefa 
in hand ; if T1V be a cylinder of equal content with. 
the cylinder MN>, the quantity of water delivered by 
both will, as a confequence of the fundamental law 
of mechanics obferved above, be the fame at each 
lift : but the cylinder TW is no higher than nm> and 
ex hypoth. their rarefactions are equal ; and therefore,, 
by what has been proved with regard to the times, 
the time of the piftqn's defeent in T?F will b e to that 
of the . pifton V "defeent in . MN: : ^/EW: Vd$l 
whence in any given time the broad cylinder TW 
will perform more than the longer one ^M^ofeqpai 
content^ and that in the ratio* of their diameters ^ 

4 Ice 
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for E?**> x £JF= MA\ % x AN, ex byfotk EWiAti 
::MJl z :Efi % , and confequently y/EW\^AN\i 
MA : ET. The fri&ion too is diminished with the 
ilownefs of the motion, and becaufe die periphery 
increafes in a lefs ratio than does the area of a circle. 

The refult of the whole then is in favour of the 
broad cylinder ; and, ftill the broader the better ; for 
unlefs feme mechanical considerations fhould limit 
the problem, 'tis evident in a geometrical fenfe, that 
there is no limitation. A difadvantage might arife 
perhaps to the eiFe<fl of the jet d'eau from thus in- 
creafing the breadth ; which however would be re- 
medied, I think, by a number of thefe jets : but be 
that as it will, *tis certain, that to augment the dia- 
meters, and diminish the lengths of the fmaller kind 
of cylinders, now ufed, could have no fuch incon- 
venience, nor fail of being attended with an augmenta- 
tion of force. 

What I think might be further obferved for the 
improvement of this engine is in the boiler and 
fteam, but more conne&ed with experiments; which 
ihould I have an opportunity to make, I may refume 
perhaps the fubjedt, if they anfwer my expe&ation. 
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XXX. Mr. John Bradley V Obfervation of 
the Occultatkn of Venus by the Moon ; 
communicated by Mr. James Short, F. R.S. 



Read June 6. 
1751. 



MR. Gael Morris having favoured me 
with the obfervation of the late 00 
cultation of Venus by the moon, taken at Greenwich 
with great exacftnefs by Mr John Bradley, I am in- 
duced to lay the fame before the Royal Society, in 
order to fhew Its very near agreement with thofe 
phafes, which Dr. Be vis obferved at my houfe in 
Surry-ftreet, allowing for the difference of meridians. 
I muft take notice, that, befides the advantage of a 
fix-foot refledtor with a great magnifying power, 
which fhew'd the planet's limb very well defined, he 
had alfo another, which the do&or had not, I mean 
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